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(54) Power saving in a digital cellular system terminal 



(57) A system and method for calibrating the slow 
rate clock of a digital cellular communication system, 
the slow rate clock being employed to provide an inter- 
mittent power saving sleep function for the terminal. The 
system comprises means for generating a signal indica- 
tive of the occurrence of a first timing point in a signal 
transmitted from a cellular system base station, and first 
time period means for determining the time period 
between receipt of the signal indicative of the first timing 
point and a transition in the state of a slow clock signal. 
There is also means for counting the number of transi- 
tions in the slow clock signal after receipt of the signal 
indicative of the first timing point occurrence and means 
for detecting the presence of a signal indicative of the 
receipt of a second timing point in a signal from the cel- 
lular system base station. A second time period detec- 
tion means for determining the time period between 
receipt of the signal indicative of the second time point 
and an adjacent transition on the slow clock signal, and 
further means uses the output of the slow clock transi- 
tion counter, the first time period detection means, and 
the second time period detection means to determine 
the prevailing actual frequency of the slow clock for con- 
trol, in use, of the intermittent sleep function. 
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Description 

[0001] This invention relates to power consumption 
reduction in cellular communication systems terminals. 
[0002] A key performance parameter for battery-pow- s 
ered mobile terminals in cellular communications sys- 
tems is the standby time. Standby time is the time for 
which the terminal can remain able to make or receive 
calls on one charging of its battery. It is desirable to min- 
imise the average power consumption of the mobile ter- 10 
minal in standby mode in order to increase this time 
period. Digital cellular systems facilitate power saving 
by providing for discontinuous reception by the mobile 
terminal, the terminal needs to receive signals only 
intermittently and may power off its receiver between is 
receive periods. Network parameters, typically pub- 
lished in some form of broadcast information channel, 
determine the frequency and timing of the required 
receive periods for all terminals registered to the net- 
work. The terminal needs only to track system time 20 
between receive periods, and between such periods 
may be completely dormant, except for the timing mech- 
anism. 

[0003] It is well known in the art that power saving in 
digital systems is achieved primarily by three methods, 25 
firstly by reducing the operating voltage of the circuit, 
secondly by reducing the size of the active elements of 
the circuit in order to reduce the capacitances that must 
be charged or discharged at every signal transition, and 
thirdly by minimising the number of signal transitions. 30 
The latter case, to which the invention relates, is 
achieved by turning off all elements of the circuit that are 
not needed for the circuit function at the time in ques- 
tion, and by operating those elements of the circuit that 
are needed at the slowest transition frequency that is 35 
compatible with the desired function. This reduced tran- 
sition rate is frequently provided by supplying a slower- 
than-normal system clock. 

[0004] In the case of a terminal during the "sleep" time 
between scheduled receive periods, the only function 40 
that is required is to keep track of time in order to recog- 
nise the next wakeup point, all elements of the circuit 
not associated with this function can be turned off. The 
timer itself typically consists of a digital counter that 
counts the cycles of a system clock signal, this clock is 45 
often the system master clock running at a frequency of 
many megahertz. It is desirable, however, to be able to 
substitute a much slower clock than this during "sleep", 
say of a few tens of kilohertz in order to remain within 
reasonable practical limits of oscillator stability. so 
[0005] In practice, however, very tight synchronisation 
of the internal timebase of the mobile terminal to that of 
the network is required in order to allow sufficiently 
accurate timing of the receiver wakeup, and inexpensive 
low-frequency oscillators tend to have relatively poor ss 
frequency accuracy and stability against temperature. 
In order to save power the terminal's receiver and mas- 
ter oscillator are turned off. The slower timing oscillator 



must free-run to time the "sleep" interval. It cannot be 
frequency-locked to the incoming signal from the cellu- 
lar network. It is therefore necessary to calibrate the 
slow oscillator by some means in order to determine 
whether it is sufficiently stable to time the required inter- 
val to sufficient accuracy, and to determine the actual 
oscillation frequency prevailing at the time. 
[0006] The conventional method for achieving this cal- 
ibration is to compare the frequency of the slow oscilla- 
tor to that of the master oscillator in the terminal. Either 
the master oscillator is frequency-locked to the signal 
received from the network, or it free-runs but a correc- 
tion factor for the clock is derived and applied within the 
terminal. The master oscillator may then be used to 
measure the frequency of the slow oscillator in order to 
determine whether it is sufficiently stable to be used to 
time "sleep" periods, together with the actual oscillation 
frequency so that the correct value may be loaded into 
the sleep timer. This method has the disadvantage of 
including any error present in the master oscillator fre- 
quency (actual or corrected) into the slow clock calibra- 
tion. 

[0007] It is an object of the present invention to pro- 
vide an improved method of calibration for the slow 
clock used as the sleep period timing source in a termi- 
nal optimised for low power consumption. 
[0008] According to the present invention there is pro- 
vided a system for calibrating the slow rate clock of a 
digital cellular communication system, the slow rate 
clock being employed to provide an intermittent power 
saving sleep function for the terminal, the system com- 
prising: 

means for generating a signal indicative of the 
occurrence of a first timing point in a signal trans- 
mitted from a cellular system base station; 
first time period means for determining the time 
period between receipt of the signal indicative of 
the first timing point and a transition in the state of a 
slow clock signal; 

means for counting the number of transitions in the 
slow clock signal after receipt of the signal indica- 
tive of the first timing point occurrence; 
means for detecting the presence of a signal indic- 
ative of the receipt of a second timing point in a sig- 
nal from the cellular system base station; 
second time period detection means for determin- 
ing the time period between receipt of the signal 
indicative of the second time point and an adjacent 
transition on the slow clock signal; and 
means for using the output of the slow clock transi- 
tion counter, the first time period detection means, 
and the second time period detection means to 
determine the prevailing actual frequency of the 
slow clock for control, in use, of the intermittent 
sleep function. 

[0009] The first and second calculated time periods 
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may be determined from receipt of the signal indicative 
of the receipt of the appropriate timing point and the 
next slow clock transition, or the slow clock transmission 
immediately prior to receipt of the appropriate signal, or 
a combination thereof. 

[001 0] The means provided to calibrate the slow clock 
may also be capable of performing the calibration in a 
span of time that is short compared to the worst-case 
drift rate of the clock. This allows the drift rate to be 
measured as well as the actual slow clock frequency, so 
that if the drift profile conforms to some model, the drift 
can be predicted over the next sleep period and the 
slow clock thereby used while it is not sufficiently stable 
for uncompensated operation. For example, linear, 
power-series or exponential drift models may be appro- 
priate, depending on the relationship of the oscillator 
frequency to temperature and the dynamic thermal 
behaviour of the mobile terminal and its components. 
This means may be provided in the processor control- 
ling the power saving systems. 

[0011] The system may further include means to 
measure other parameters, for example the tempera- 
ture of the slow clock oscillator crystal, in order to 
employ a more sophisticated model of the behaviour of 
the slow clock with time and temperature, further 
improving the subsystems ability to use slow clock sleep 
while the slow clock oscillator frequency is drifting. This 
means may be provided via the control processor's 
peripheral interface. 

[0012] There may also be means of implementation 
for tracking and predicting the drift of the slow clock 
oscillator frequency. The exact characteristics of the 
slow clock oscillator in any particular implementation of 
the invention will vary from one example to another. The 
components of the system that model, correct and pre- 
dict the slow clock oscillator behaviour (including any 
elements provided to take account of external influ- 
ences such as crystal temperature) may be provided 
with means (typically elements of the subsystem soft- 
ware) to adapt the modelling, correction and prediction 
processes to the observed behaviour of the particular 
oscillator in that unit, so that the subsystem may "learn" 
the behaviour of the oscillator and thereby improve its 
ability to predict; that is, the slow clock correction sub- 
system is made to be adaptive. 
[001 3] A corresponding method is also provided. 
[0014] One example of the present invention will now 
be described with reference to accompanying figure 1 . 
[001 5] Before describing an example of the invention, 
it is appropriate to provide further background informa- 
tion regarding cellular systems. 
[0016] All digital cellular network signals contain ele- 
ments of the signal transmitted by the base station (for 
instance, one or several predetermined bit sequences) 
which allow the terminal to acquire frequency and timing 
synchronisation to the network. The intervals between 
these signal elements are timed by the network master 
clock which is arranged to be extremely accurate rela- 



tive to the uncorrected terminal master clock. As a con- 
sequence, the signals received at the terminal form an 
extremely accurate timebase (distorted only by multip- 
ath effects and Doppler shift). A standard function of 

5 any mobile terminal is to determine the precise arrival 
timing of these synchronisation patterns in order to cor- 
rect the terminal's local timebase to align with the net- 
work timebase. By employing the present invention this 
information can also be used to calibrate the slow clock 

w in a manner that is substantially independent of the 
accuracy of the master oscillator and that does not use 
the master oscillator to measure the frequency of the 
slow clock. 

[001 7] Figure 1 shows an example of the invention for 

15 use in a GSM cellular system, although it could be 
adapted for other systems. A free-running slow clock 
oscillator 1, such as a low-cost low-power 32768Hz 
crystal as commonly used in wristwatches is provided, 
together with a slow clock counter 2 used to count the 

20 "ticks" of the slow clock oscillator 1 . 

[001 8] This slow clock counter 2 can be made up to 48 
binary bits long (in the case of a 32768Hz slow clock) to 
provide convenient support for a real-time clock facility, 
in this case the slow clock oscillator 1 and the slow clock 

25 counter 2 should be provided with a power source (not 
shown), that provides power when the cellular terminal's 
main battery is discharged or removed, for instance a 
small lithium primary cell as is well known in the art. 
[001 9] A sleep start comparator 3 can be loaded with 

30 a particular count value and arranged to provide an out- 
put signal when the value currently in the slow clock 
counter 2 advances to that value. The number of bits in 
the sleep start comparator 3 is determined by the maxi- 
mum time that may be needed to conclude the prepara- 

35 tions for slow clock sleep before the terminal's master 
clock is turned off. The sleep start comparator 3 is 
loaded from a control processor. An oscillator wakeup 
comparator 4 is loaded with a particular count value and 
arranged to provide an output signal when the value 

40 currently in the slow clock counter 2 advances to that 
value. The number of bits in the oscillator wakeup com- 
parator 4 is determined by the maximum desired dura- 
tion of slow clock sleep. Again, this comparator 4 is 
loaded from the control processor. 

45 [0020] A timebase restart comparator 5 that can be 
loaded with a particular count value and arranged to 
provide an output signal when the value currently in the 
slow clock counter 2 advances to that value. The 
number of bits in the timebase restart comparator 5 is 

so determined by the maximum desired duration of slow 
clock sleep. Again, this comparator 5 is loaded from the 
control processor. 

[0021 ] Interrupt wakeup override logic 6 is provided to 
force wakeup of the terminal master oscillator in the 
55 event of an external event during slow clock sleep 
requiring attention from the terminal's control processor. 
[0022] An oscillator wakeup delay counter 7 delays 
enabling of the master oscillator drive buffer for a small 
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number of slow clock cycles after restart of the actual 
oscillator. This is provided in order to allow the master 
oscillator 14 to stabilise before providing master clock 
drive to the remainder of the circuit. The delay counter 
is loaded from the terminal's control processor. Logic 5 
circuits 8, 9, 10 combine the output signals from the 
sleep start comparator 3, interrupt wakeup override 6 
and delay counter logic 7 to form the necessary oscilla- 
tor control, buffer control and wakeup interrupt signals. 
[0023] Latch enable logic 1 1 determines which of a 10 
number of possible events will cause the timebase latch 
16 to latch the state of the terminal main timebase 14 at 
the moment the selected event occurs. This latch ena- 
ble logic 1 1 can be configured from the terminal control 
processor. is 
[0024] A timebase gate 12, under control of the time- 
base restart comparator 5 and a timebase stop compa- 
rator 13, enables and disables the master clock 14 to 
the main timebase. 

[0025] The timebase stop comparator 13 can be 20 
loaded with a particular timebase value and arranged to 
provide an output signal when the value in the main 
timebase 14 advances to that value. This timebase stop 
comparator 13 is, again, loaded from the terminal con- 
trol processor. 25 
[0026] The main timebase 14 is for the terminal's 
channel coding and decoding subsystem. The details of 
this component are implementation-specific, but is the 
means whereby the terminal maintains a local copy of 
the frame and bit timings of the digital cellular network in 30 
which it is operating. This block is not part of the inven- 
tion but will exist in some form in any digital cellular ter- 
minal. 

[0027] An optional master clock counter 15 is pro- 
vided. This clock counter 15 is used to supplement the 35 
main timebase 14 when the resolution of the main time- 
base 14 is inadequate for fine calibration of the slow 
clock 1 (by virtue of degrading the accuracy with which 
the sync point to slow clock edge offset time can be 
determined). 40 
[0028] There is also a timebase latch 16. When trig- 
gered by the latch enable logic 1 1 this latch 16 freezes 
the value of the main timebase 1 4 at the trigger point for 
subsequent inspection by the terminal control proces- 
sor. 45 
[0029] Operation of this particular example of the slow 
clock subsystem falls into three phases, slow clock cali- 
bration, slow clock sleep and slow clock calibration 
maintenance. These phases will be described below, 
again, with reference to Figure 1 . so 
[0030] Before slow clock "sleep" can be used, the slow 
clock 1 must be calibrated in order to ensure that its fre- 
quency is drifting sufficiently slowly (or predictably) to 
permit the sleep time to be accurately timed, and in 
order to determine the actual (effective) value of the ss 
slow clock frequency that should be used to calculate 
the length of the sleep interval (an integer number of 
counts of the slow clock in the slow counter 2). 
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[0031] The method achieves calibration of the slow 
clock by counting the number of cycles of the slow clock 
occurring between two known synchronisation points in 
the on-air signal from the cellular base station. However, 
because the slow clock is free-running and by definition 
cannot be under closed loop control during sleep peri- 
ods (because all other circuitry save for the sleep timing 
counter has been turned off to save power), the period 
between the two synchronisation points chosen will not 
in general be an integer number of cycles of the slow 
clock; indeed, even it were, the phase of the slow clock 
relative to the network timing is arbitrary. Furthermore, 
in some implementations the frequency of the slow 
clock oscillator may not be conveniently related to the 
frequency of occurrence of the synchronisation points; 
for example, the slow oscillator is often a low-power 
32768Hz crystal such as is commonly used in digital 
watches, and the cellular system may be GSM, in which 
the sync points happen at intervals related to the GSM 
frame rate of approximately 4.615ms/frame. It is there- 
fore necessary to have some means of determining the 
time from each sync point to an active edge of the slow 
clock; if these time offsets were ignored, the number of 
slow clock cycles that would have be counted to achieve 
a sufficiently accurate calibration would in most practi- 
cal cases become very large, resulting in a calibration 
time that is long compared to the drift rate of the slow 
clock oscillator and hence reducing the ability of the 
system to track and compensate for that drift. 
[0032] Knowing the time from the first synchronisation 
point to the next edge of the slow clock, the number of 
slow clock cycles counted up to the second synchroni- 
sation point, the time from the last slow clock edge 
counted to the second synchronisation point, and the 
time (fixed by the network) between the two synchroni- 
sation points, the frequency of the slow clock can be 
determined. If the time between the two synchronisation 
points is sufficiently long, the intervals between the first 
and last slow clock edges counted and their corre- 
sponding synchronisation points can be made arbitrarily 
small, and so the inaccuracy of the means used to 
determine the times from clock edges to sync points can 
be made insignificant. In practice, during calibration of 
the slow clock, the mobile terminal's master oscillator 
will be active, which even without frequency lock to the 
network will be quite adequately accurate for this task. 
This being so, the slow clock is calibrated directly 
against the network timebase, rather than against the 
master clock of the terminal (whether the latter is fre- 
quency-locked to the network or not). 
[0033] The terminal control processor uses the hard- 
ware shown in Figure 1 , together with the means (not 
shown) elsewhere in the terminal for obtaining time syn- 
chronisation to the digital cellular network to calibrate 
the slow clock against the period between two selected 
network sync points as follows. 
[0034] Firstly, the latch enable logic 1 1 is configured to 
capture the main timebase value via the timebase latch 
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16 at a network sync point. The capture is triggered via 
a hardware signal deterministically time-related to 
reception of the synchronisation sequence, labelled 
SyncRef in the example. The control processor and ele- 
ments of the receiver system may need to perform 5 
some timing arithmetic to derive the exact time relation- 
ship of this signal to the actual sync point. Having 
obtained this value, with proper precautions concerning 
the asynchronous nature of the slow clock, the latch 
enable logic is configured to obtain the timebase value 
at the next edge of the slow clock 1 . From this, the time 
from the network sync point to the captured slow clock 
edge, can be calculated from the difference in the two 
captured timebase values. A suitable time later, the 
latch enable logic is configured to capture the timebase 
value on a slow clock edge, just before another network 
sync point, and then to capture the timebase value at 
that network sync point. Now the time offset between 
the second chosen slow clock edge and the second 
chosen network sync point can be calculated. From 
knowledge of the structure and timing of the network 
transmissions, and from the number of cycles of the 
slow clock that have elapsed between the two captures, 
the average frequency of the slow clock 1 over the cali- 
bration interval can be can be calculated. 
[0035] It will be noted that, by suitable choice of the 
calibration time the influence of inaccuracy in the local 
timebase, which is used only as a transfer standard, and 
need only be of high enough frequency to give sufficient 
resolution or of inaccuracy in the determination of the 
network sync point time, becomes insignificant. Also, 
the order of the capture of the slow clock edge and net- 
work sync point times at each end of the calibration 
period is not important. 

[0036] Depending on the details of the implementation 
and of the particular digital cellular standard concerned, 
further mathematical processing of the calibration result 
acquired by the above process may he necessary or 
desirable (for example, averaging, or drift calculation 
and prediction). 

[0037] Once the slow clock has been calibrated and 
has been found to be within suitable tolerances, the ter- 
minal may use slow clock sleep in order to save power. 
"Suitable tolerances" here means either that the clock is 
in an absolute sense stable enough to time the sleep 
periods to the required accuracy, or that the drift rate of 
the slow clock is within the capacity of any correction or 
prediction algorithms that the terminal may be able to 
apply. With the implementation shown in Figure 1, in 
which the terminal control processor cannot reload 
some of the less significant bits of the main timebase 
14, the system is used as set out below. 
[0038] At the point when the terminal control proces- 
sor determines that the system should sleep for a 
period, the latch enable logic 1 1 is configured to capture 
the main timebase value at the next slow clock edge. 
The value captured in the timebase latch 16 and the 
current value of the slow clock counter 2 are noted. 



From this, the value of the slow clock count at which the 
master oscillator should be restarted can be calculated, 
knowing the time needed for the master oscillator to sta- 
bilise on startup. The appropriate value is programmed 
into the oscillator wakeup comparator 4, taking account 
of the setting of the oscillator wakeup delay count 7 
(which has been previously set to the proper value for 
the particular implementation). Further, the value of the 
slow clock count at which the main timebase should be 
restarted can also be calculated (later than the oscillator 
restart and the subsequent buffer enable). This value is 
loaded into the timebase restart comparator 5. Also 
from the captured values, the proper timebase value at 
the restart slow clock edge can be calculated, and the 
next point (in the near future) at which the non-reloada- 
ble part of the timebase will have those values can be 
determined. This value is loaded into the timebase stop 
comparator 13 which freezes the main timebase 14 via 
the timebase gate 12 when the non-loadable elements 
of the main timebase have the correct settings for 
restart. From all of this information it is also possible to 
calculate the first slow clock counter value occurring 
after the timebase freeze has occurred. This value is 
loaded into the sleep start comparator 3. 
[0039] Once these values have been calculated and 
loaded, the control processor waits in an idle loop or 
software standby mode, and the slow clock sleep period 
is sequenced in order. Firstly, the main timebase 14 
advances to the value in the timebase stop comparator 
13, which, via the timebase gate 12, freezes the main 
timebase at the correct value for restart. The slow clock 
counter 2 advances to the value in the sleep start com- 
parator 3, which stops the master oscillator and disa- 
bles the oscillator buffer via the logic elements 8 and 9. 
Now only the slow clock oscillator 1 and counter 2 are 
running, resulting in minimum power consumption. 
Eventually, the slow clock count advances to the value 
in the oscillator wakeup comparator 4, which restarts 
the master oscillator via the override circuit 6 and logic 
element 8, and also, after a delay set by the oscillator 
wakeup delay counter 7, enables the master oscillator 
drive buffer via logic element 9. A short time later the 
terminal control processor (now provided with clock 
input once again) is woken up by the signal issued by 
the wakeup signal delay block 1 0 and begins its wakeup 
actions, which typically include a check for the reason 
for the wakeup. The slow clock counter 2 continues to 
advance, and a short time after the oscillator wakeup 
and buffer enable, the counter 2 will reach the setting in 
the timebase restart comparator 5, which, via the time- 
base gate 12, restarts the main timebase 14. Shortly 
thereafter, the control processor reloads the more sig- 
nificant digits of the main timebase 14, with the result 
the main timebase will now be aligned exactly as if the 
sleep period had not occurred. 
[0040] In the event that an external event (such as the 
user pushing a key) occurs, the wakeup override logic 6 
triggers a master oscillator restart via the logic elements 
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8, 9, 1 0 and the wakeup delay counter 7 exactly as if the 
oscillator wakeup comparator 4 had triggered wakeup. 
The timebase restart comparator 5 is then left to restart 
the timebase at the proper time. 

[0041] Once slow clock sleep is in use it is necessary s 
to maintain the calibration of the slow clock oscillator 1 . 
This can be achieved by comparing the actual achieved 
wakeup times with the expected times using timing 
information returned by the receive path equaliser. 
Some of the wakeup time error will result from changing w 
propagation conditions, and some from deviations in the 
slow clock frequency from its expected value over the 
sleep period; filtering algorithms may be employed to 
reduce the effect of the propagation errors. If, however, 
the apparent error becomes too large, an explicit recali- 15 
bration of the slow clock 1 can be applied. 

Claims 

1 . A system for calibrating the slow rate clock of a dig- 20 
ital cellular communication system, the slow rate 
clock being employed to provide an intermittent 
power saving sleep function for the terminal, the 
system comprising: 

25 

means for generating a signal indicative of the 
occurrence of a first timing point in a signal 
transmitted from a cellular system base station; 
first time period means for determining the time 
period between receipt of the signal indicative 30 
of the first timing point and a transition in the 
state of a slow clock signal; 
means for counting the number of transitions in 
the slow clock signal after receipt of the signal 
indicative of the first timing point occurrence; 35 
means for detecting the presence of a signal 
indicative of the receipt of a second timing point 
in a signal from the cellular system base sta- 
tion; 

second time period detection means for deter- 40 
mining the time period between receipt of the 
signal indicative of the second time point and 
an adjacent transition on the slow clock signal; 
and 

means for using the output of the slow clock 45 
transition counter, the first time period detec- 
tion means, and the second time period detec- 
tion means to determine the prevailing actual 
frequency of the slow clock for control, in use, 
of the intermittent sleep function. so 

2. A system according to claim 1 , wherein the first and 
second calculated time period determining means 
determine the time periods from receipt of the sig- 
nal indicative of the receipt of the appropriate timing 55 
point and the next slow clock transition, or the slow 
clock transmission immediately prior to receipt of 
the appropriate signal, or a combination thereof. 



3. A system according to claim 1 or claim 2, wherein 
the means provided to calibrate the slow clock is 
also capable of performing the calibration in a span 
of time that is short compared to the worst-case 
drift rate of the clock. 

4. A system according to claim 3, further comprising 
drift rate measuring means. 

5. A system according to claim 3 or claim 4, further 
comprising means for adaptively tracking and adap- 
tively predicting the drift of the slow clock oscillator 
frequency. 

6. A system according to any of the preceding claims, 
further including means to measure the tempera- 
ture of the slow clock oscillator crystal, and to 
model the behaviour of the slow clock with time and 
temperature. 

7. A method for calibrating the slow rate clock of a dig- 
ital cellular communication system, the slow rate 
clock being employed to provide an intermittent 
power saving sleep function for the terminal, the 
method comprising the steps of: 

generating a signal indicative of the occurrence 
of a first timing point in a signal transmitted 
from a cellular system base station; 
determining the time period between receipt of 
the signal indicative of the first timing point and 
a transition in the state of a slow clock signal; 
counting the number of transitions in the slow 
clock signal after receipt of the signal indicative 
of the first timing point occurrence; 
detecting the presence of a signal indicative of 
the receipt of a second timing point in a signal 
from the cellular system base station; 
determining the time period between receipt of 
the signal indicative of the second time point 
and an adjacent transition on the slow clock 
signal; and 

using the number of transitions, the first time 
period, and the second time period to deter- 
mine the prevailing actual frequency of the slow 
clock for control, in use, of the intermittent 
sleep function. 

8. A system according to claim 7, wherein the first and 
second calculated time periods are determined 
from receipt of the signal indicative of the receipt of 
the appropriate timing point and the next slow clock 
transition, or the slow clock transmission immedi- 
ately prior to receipt of the appropriate signal, or a 
combination thereof. 

9. A method according to claim 7 or claim 8, wherein 
the means calibrating of the slow clock is performed 
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in a span of time that is short compared to the 
worst-case drift rate of the clock. 

10. A method according to claim 9, further comprising 
the step of measuring drift rate. s 

11. A method according to claim 9 or claim 10, further 
comprising the steps of adaptively tracking and 
adaptively predicting the drift of the slow clock oscil- 
lator frequency. 10 

1 2. A method according to any of claims 7 to 11 p further 
including the steps of measuring the temperature of 
the slow clock oscillator crystal, and modelling the 
behaviour of the slow clock with time and tempera- 15 
ture. 
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